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HEAT EXCHANGER i 

Charles B. Dalzell, Little Falls, 
Cherry-Burrell Corporation, 
corporation 

N. Y., assignor to 
Chicago, lIll., a 

Application January 27, 1937, Serial No. 122,597 

(Cl. 257-245) ï 2 Claims. 

This invention relates to that type of plate 
heat exchangers for fluids which usually comprise 
a plurality of heat conducting or heat transfer 
plates assembled in spaced face to face relation 
in' a manner to provide shallow fluid flow spaces 
which are separated by the plates and are con 
nected with circulating passages or connections 
so that different fluid streams can be circulated 
in contact with opposite sides of the plates for 
the exchange of heat from one fluid or stream to 
another. The heat transfer plates or elements 
of such apparatus with interposed sealing means 
bounding the flow'spaces between the adjacent 
plates or elements are usually separably clamped 
together so as to enable the separation of the 
plates for cleaning, and by different groupings or 
combinations of the plates and circulating con 
nections, heat exchangers adapted for different 
purposes or uses may be provided. 
` The primary object of this invention is to im 
prove the heat transfer elements of heat ex 
changers of this type so as to compel a high de 
gree of turbulence in the fluid media and to 
increase the heat exchange eñiciency of such'è's, 
devices. 
Other objects of this invention are to provide 

novel heat transfer elements by which all por 
tions of the fluid flowing through the flow space 
between the elements must follow long, tortuous 
paths and be subjected to active turbulence 
throughout their path of travel; by which the 
fluid flows through courses or channels of vary 
ing cross section which vary the velocities of 
different portions of the fluid at the same ca 
pacity, and thereby cooperate'with the changes 
in direction of the portions of the fluid in produc 
ing active turbulence therein; which greatly in 
crease the area of the heat exchange surface; 

' which are of a formation to function effectively 
to limit the deflection of the plate elements due 
to unbalanced fluid pressures thereon; in which 
the formation of the elements enables them to 
be made of’ thinner material and thus further 
increases the heat transfer emciency and capacity 
of a heat exchanger of a given size; which, 
although being of a novel form that insures great 
turbulence in the fluid and heat transfer effi 
ciency, nevertheless enables-,ready andr thorough 
cleaning of the elements; and also to provide a 
heat exchanger having the other features of 
improvement hereinafter described and set forth 
in the claims. 
In the accompanying drawings: 

10 

provided with heat transfer elements embodying 
my invention. 2 

Fig. 2 is an enlarged fragmentary elevation 
of one face of one of the heat transfer elements. 

Fig. 3 is a transverse section of three adjacent 
elements on line 3_3, Fig. 2. 

Fig. 4 is a transverse, `sectional elevation 
through the heat exchanger, enlarged, on line 
4_4, Fig. l, showing one face of one of the ele 
ments in elevation. 

Fig. 5 is a fragmentary elevation of one end 
of the element shown in Fig. 4, but showing the 

, element reversed end for end. 

20 

Fig. 6 is an elevation on a still larger scale, 
of an end portion of the element shown in Fig. 4'. 

Fig. 'I is a vertical, sectional elevation, enlarged, 
through a group of the elements on line 1_1, 
Fig. 4. 

Fig. 8 vis a fragmentary, horizontal, sectional 
view similar to Fig. 3,'but on a larger scale. 
' Fig. 9_ is 'a section through three of the ele 

‘ ments on an enlarged scale on line 9_9, Fig. 6. 
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Fig. A10 is "an enlarged fragmentary section 
-fïthroiigh three of the elements showing the forma 
tion of the seating grooves therein for the gaskets 
that seal the flow spaces between the elements. 

Fig. 11 is a fragmentary elevation of a heat 
>transfer element having a modified arrangement 
of bosses. 

Fig. 12 is a similar view of another modifica 
tion in which the heat exchange element is pro 
vided with bosses on its opposite faces. 

Fig. 13 is a transverse section on line I3_l3, 
Fig. 12, of three adjacent elements having the 
bosses on their opposite faces. 
As illustrated in the drawings, the heat ex 

changer comprises the usual plurality of heat 
transfer plates or elements arranged in face to 
face relation, with interposed compressible space 
sealing means, in a suitable press or apparatus 
by which the plates are pressed towards each 
other, whereby sealed flow spaces are formed 
between the plates or elements for the flow of 
fluids or fluid streams to effect the exchange of 
heat from one fluid or stream to another. 
Referring first to the embodiment of the inven 

tion shown in Figs. 1 to l0, each of the heat 
transfer plates or elements Il consists of a rela 
tively'thin plate of material having suitable heat 
conductivity formed to provide on one face of a 
plate a multiplicity of spaced apart protuber 
ances, bosses or knobs I2, and cavities I3 in the 
opposite face of the plate. Preferably, the ele 
ment is formed from a metal sheet or plate 

Fig. l is a side elevation of the heat exchanger 55 stamped or embossed to provide spaced concav0~ 
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convex portions which form the bosses I2 on one 
face oi the plate and the cavities I3 in the oppo 
site face of the plate. The bosses shown are of 
hollow, segmental spherical shape, which is their 
preferred shape, but they could be made of oval 
or other shape providing rounded bosses on one 
face of the plate and rounded cavities in the 
opposite face of the plate. These bosses are 
spaced apart both longitudinally and trans 
versely of the plate and are preferably arranged 
staggered in transverse rows I4, i. e. with the 
bosses in each transverse row disposed opposite 
the spaces between the bosses in the next row. 
Also, preferably the bosses are located non-sym 
metrically with reference to the longitudinal. 
central line of the plate so that when the plate 
is in the position shown in Fig. 4, the bosses will 
be offset to one side relatively to said central line, 
whereas if the plate is reversed end for end, the 
bosses will be offset to the opposite side relatively 
-to said line, as shown in Fig. 5. This non-sym 
metrical arrangement of the bosses enables all 
of the plates to be made alike',~ or by the same 
dies and, by assembling them face to face, with 
adjacent plates reversed end for end, the bosses 
on one plate will not register with those on the 
next adjacent plate, but will be disposed opposite 
the flat portions between the bosses of said next 
plate, as indicated by the full and broken lines 
in Fig. 2, and as shown in the sectional views, 
Figs. 3 and 8. While this non-symmetrical ar 
rangement is not essential, since the same result . 
could be gained by making the plates of two 
different forms, it is preferred, as it is obviously 
more economical to have all of the plates alike 
and capable of production by the same dies. 
In assembling the plates II for use, they are all 

placed to face the same way or with the bosses 
projecting in the same direction from the sev 
eral plates, so that the bosses project from each 
plate toward the reverse face of the next adja 
cent plate. In this way the bosses on one plate 
project into the fluid ilow space between this 
plate and the next one and act as banles forming 
numerous tortuous or zig-zag courses through 
which the iiuid must flow intermittently dividing 
and subsequently rejoinlng the various ñow 
streams, thereby causing turbulence, change of 
direction of ilow and a more uniform distribu 
tion over the entire heat exchange surface. Such 
arrangement will prevent the fluid from flowing 
only overa small portion of the plates inter 
mediate the inlet and outlet openings, and these 
tortuous courses vary or increase and decrease 
repeatedly in cross section both lengthwise and 
sidewise of the plates and also V-transversely to 
the planes of the plates, the deepest portions of 
the courses transversely to said planes being at 
the points where the deepest central portions of 
the cavities I3 in one plate are opposite the 
spaces I3a between the bosses on the next plate 
(see Fig. 8). Thus, the velocity of the fluid ilow 
ing through 'each course is repeatedly increased 
and decreased as _the fluid passes through the 
flow space from inlet to outlet. 
The spaces between the plates II can be sealed 

at their margins to form coniined iiuid flow 
spaces and can be connected with circulating 
passages or connections so as to adapt iluids or 
iluid streams of different temperatures to i‘low 
through the spaces at opposite sides of each 
transfer plate for exchangev of heat from one 
stream or iluld to the other, in any suitable way. 
the embossed formation of the plates as described, 
not being necessarily restricted to the arrange LI 

ment or connections for effecting the desired 
relations of iiow oi' the dinerent iiuids or streams 
through the apparatus. 
For example, the plates II may be constructed 

and arranged in this regard in a manner similar 
to that disclosed in U. S. Patent Nol'- 2,039,216, 
issued April 28, 1936. to H. Feldmeler, assignor 
to Cherry-Burrell Corporation, in which, as fully 
explained in said patent,  each plate is provided 

_ with two holes passing therethrough and'with 
sealing gaskets seated in grooves in the plate and 
engaging the next plate in a Way to eii‘ect the 
ilow of different fluids or fluid streams through 

' the ilow spaces at opposite sides of each plate. 
In the preferred construction, however, each 

plate I I is formed at its marginal portions around 
or outside of the embossed main body portion of 
the plate with grooves in which is seated a gasket 
adapted to be compressed between the plate car 
rying the gasket'and the adjacent plate for seal 
ing the :dow space between the plates and the 
nuid inlet and outlet holesor passages therefor. 
As shown. the plate is providedwith a marginal 
gasket groove I5 which extends along the side 
edges and end portions of the plateand, in addi 
tion. is provided with circular grooves I6 at the 
four corners of the plate which merge into the 
marginal groove I5. _and also with grooves I1 
which extend diagonally across‘the corner por 
tions of the plate from the side to the end por 
tions of the 'marginal groove I 5 between the cen 
tral embossed portion of the plate and the circu 
lar corner grooves. A sealing gasket I8 is seated 
in these grooves, this gasket having portions oc 
cupying the endless marginal groove I5 and also 
the circular corner and diagonal portions of the 
grooves. l 

As explained in said Feldmeier patent, the flow 
space between each two plates communicates 
through interruptions or gaps I9 and 20 (Figs. 
4-6) in the diagonal and circular gasket portions 

' 20a and 2| -at one end of one plate with a hole 
or passage 22 through this plate, and communi 
cates through corresponding interruptions or gaps 

. 20a and 2I in the gasket at the opposite end of 
the plate with a hole or passage 23 through the 
next plate, so that fluid will ilow through the 
sealed iiow space from an inlet at one end there 
of to an outlet at its opposite end. Thus, a 
yliquid entering the flow space between adjacent 
plates iiows lengthwise therethrough, and by 
reason oi' the bosses projecting into the ñow 
space, the body of liquid is broken up into nu 
merous streams or portions, each of which is 
-baiiled back and forth by the bosses and caused 
to follow a long, tortuous course from the inlet 
to the outlet of the iiow space with the results 
herein explained. 

Ii' the gasket grooves had any considerable 
' depth, then the pressure of the adjacent plate 
against the elastic or rubber gasket would tend 
to widen the grooves, due to the compression of 
the gasket, because this considerable pressure 
would bend the metal along the juncture of the 
side walls with the bottom walls of the grooves. 
Therefore, the grooves are preferably made as 
shallow as is consistent with proper seating and , 
retention of the gasket in the grooves. For best 
results, the grooves should not be substantially 
deeper than indicated in Fig. 10 of the drawings, 
from which it will be seen that the radial centers 
of the curved corners joining the side and bot- ' 
tom walls of the grooves are in the same plane 
as the centers of the curved corners joining the 
side walls of the groove to the normal portion of 
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- the flow spaces because, if _these dimensions were the plate. By thus forming the gasket grooves, 
the plate can be stamped from sheet metal of 
relatively thin gage without the necessity for any 
means for bracing or reinforcing the walls of the 
grooves. A 

ABy reason of the described form and relative _ 
arrangement of the bosses i2, they cause a high 
degree of turbulence` in the fluid media going 
through the exchanger, thus bringing all particles 
thereof into contact with a heat exchange sur 
face a great many times during their passage 
through any flow space between two'plates or 
elements. Since the bosses o_n one plate are op 
posite and extend close to the fiat or normal 
surface portions of the adjacent plate, and are 
staggered relativelyto the cavities in the latter 
plate, the tortuous courses or channels thus 
formed for the media vary in cross section at suc 
cessive points throughout their lengths and the 
consequent varying velocities in different portions 
of the flowing media further augment the tur 
bulence therein. Furthermore, each portion of. 
the huid medium is.forced, to take a long path 
in flowing through a flow space from the inlet 
to the outlet. Considering, for instance, a par 
ticle of the medium as entering the ñow space. 
it cannot go directly ̀ from the inlet to the outlet 
because it immediately encounters one of the 
bosses, which it must go around in order to con 
tinue its way, when it runs into another particle, 
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30 
the path of which has been deflected by one of ' 
the bosses. ,These two particles in their en 
deavor to take the same path produce immediate 
turbulence because of the varying velocities, due 
to the varying cross section of the flow courses. 
A uniform distribution of the medium over the 
heat exchange surfaces results. Instead of fol 
lowingsome predetermined short path through 
the flow space, the particles are banled or zig 
«zagged about, going across the plate and back, so 
that their actual path through the flow space is 
always considerably longer than the direct dis 
tance from inlet to outlet. Also, the bosses in~ 
crease the area of the'heat exchange surface 
from the normal projected area thereof by a 
percentage dependent upon the number, diame 
ter and depth of the bosses. With the bosses 
proportioned and spaced as shown in the draw 
ings, the heat exchange surface is increased ap 
proximately twenty percent. 
In addition to effecting turbulence and increas 

ing the area of heat exchange surface, the bosses, 
as shown, serve to support and limit deflection 
of the heat transfer plates due to unbalanced 
fluid pressures thereon. The pressures on the 
plates are rarely balanced. With a series of 
plates used as a regenerator, for instance, where 
the rate of ñow of two liquid streams is the same 
both ways, there would be a maximum pressure 
difference at each end of the series and a 
balanced pressure at the middle. It is therefore 
desirable to limit deflection of the plates, due to 
this unbalanced pressure, because deflection of 
a plate not only is liable to cause leakage 
around the gaskets. but it also varies the thick 
ness of the flow space so that the relative 
velocities of the fluids are affected, with conse 
quent effect in the turbulence and, therefore, in 
the heat exchange efllciency of the device. By 
making the bosses uniformly of a height approxi-  
mately equal to the thickness of the flow space. 
deflection of the plates is effectively limited 
throughout the whole area of the embossed body 
portions of the plates. The height of the bosses 
should be somewhat less than the thickness of 
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the same, the' bosses of one plate would contact 
with thev flat normal surface ofthe adjacent 
plate and prevent the proper sealing action of the 
gaskets. When the plates are squeezed up to 
give the proper flow space thickness, the bosses 
still should be short of striking the flatv surface 
of the next plate by a small amount, say, for ex 
ample, about l?oo of an inch, or an amount in 
suillcient-to permit an objectionable -ñexing of 
`the plates. Such uniform height of the bosses' » 
is an advantage, since the plates are thus 
properly supported throughout the area of their 
embossed body portions. This also permits the 
use of thinner material for the plates so as to 
further increase their heat transfer efficiency. 
The relative proportions, shape and A_spacing 

of the bosses can be varied within the scope of 
my invention. While the heat eñlciency and 
turbulence are increased by reducing the diamef` 
ter and spacing of the bosses, nevertheless they 
should be of sufficient size and spacing to en 
able ready and thorough cleaning of both sur 

l faces of the plates. The bosses relatively propor 
tioned and space substantially as shown in the 
drawings, that is, with bosses about 3/4 of an inch 
in diameter by 1/4 of an inch deep and on 1 inch 
centers have been found by experiment to give` 

' 'a high rate of heat transfer and surfaces which \ 
are practical to clean. \ 
«,The-plates il are als'o` shown as formed with 

small supporting bosses 25 on the opposite faces 
of their end portions adjacent and between the 
diagonal and circular gasket grooves I8 and il. 
These bosses 25 are so located and of such height 
that Athe bosses of one plate may contact with 
those of the next plate and thus prevent deflec 
tion or deformation of 'these portions of the 
plates. 

In the >form shown in Fig. 1l, the bosses of 
‘knobs i2a in adjacent rows both lengthwise and 
crosswise of the element or plate I ia are disposed 
opposite each other instead of being staggered, as 
shown in Figs. 2 to l0. This arrangement of 
the bosses will produce fair turbulence of the 
liquid and fair heat transfer. ' In relation to the 
flow of liquid diagonally from inlet to outlet at 
diagonally. opposite corners of the plate, the 
bosses are still in staggered relation and, al 
though the liquid might tend to follow a straight 
er course through the flow space, it still would 
be influenced by the tortuous courses formed by 
the bosses _and by the varying cross section of 
different portions of the courses. Therefore. 
this modified arrangement will effect turbulent 
flow and heat transfer even though it may be to 
a lesser degree than in the hereinbefore de 
scribed construction. Except as to this differ 
ent disposition of the bosses, the plate may be as 
before described. . . 

As shown in Figs. 12 and 13, each plate or‘ele 
ment Il_b is formed with hollow or concavo-con 
vex bosses or knobs |217 on bothI of its opposite 
sides or faces. In this form of the plate, as 
shown. the bosses projecting from o_ne face are 
disposed between the bosses projecting from the 
opposite face of the plate as regards the longi 
tudinal and transverse rows of the bosses. It 
will be clear from Figs. l2' and 13 that this for 
mation of these plates will give similar results 
to the first described construction so far as the 
tortuous courses or passages and the varying 
cross section of the diil’erent portions of the 
courses are concerned by having the knobs and 
corresponding cavities on both sides of the plate. 
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The broken line circles llc and I2d in Fig. 12 in 
dicate the relative positions of the knobs >and 
cavities of adjacent Vplates and show that by 
'non-symmetrical location of the -knobs on the 
plate, as before explained, the illustrated rela 
tive location of the knobs of adjacent plates can 
be obtained by reversing alternate like plates 
end for end. Otherwise the plates of this modi 
flcation can be of the construction'flrst de 
scribed . 
The use of heat exchange elements or plates 

formed or constructed as herein disclosed gives. 
the following improved results and advantages: 
The heat transfer elements of heat exchangers 

of this type are improved so as to more eiîec 
tively utilize all of their available heat exchange _ 
surface, as well as to compel a more uniform dis 
tribution and a higher degree of turbulence in 
the fluid media in heat‘e’xchange relation, thus 
causing an increase in the overall heat exchange 
efliciency of such a device. ' 
A heat transfer element is provided having a 

multiplicity of appropriately spaced protuber 
ances projecting into the flow space deñnlng 
therein flow passages of radically varying cross 
sections thereby preventing smooth or stream 
line flow of the fluid and causing violent tur 
bulence.  

The heat transfer element has a _multiplicity 
of protuberances which are so spaced as to con 
stitute effective bai’iles and directional guides for 
the fluid passing through the flow space, result 
ing in the intermingling and redivision of the 
streams in the various flow passages causing 
turbulence and a more uniform distribution of 
the fluids in effective heat exchange relation 
over the entire available heat exchange surface 
within the flow space. . s 
A heat exchange element is provided having a 

multiplicity of hollow protuberances so placed in 
spaced relation upon the various heat'transfer 
elements that the combination of the outer walls 
of the protuberances and the adjoining surface 
of the adjacent plate forms >constrlcted ñow pas 
sages from which the fluid is led into rapidly 
expanding flow passages formed by the space be 

10 

15 

30 

35 

40 

45 

2,281,754 
tween the flat surface of the first plate and the 
hollow space below a protuberance in the ad 
jacent-plate. Such radical changes of cross sec 
tion of the flow passage results. in violent three 
dimensional turbulence and improved distribu 
tion of the media over‘the heat exchange sur 
faces. y . ' 

The heat exchange element has protuberances 
which are ̀ positioned on the element so that 
they are capable of limiting the effect of deilec 
,tion of the heat transfer elements on the effec 
tive capacity of the flow space, as well as to aid 
in the support of yadjacent plates.- ' 

- 'I'he heatl transfervplate -has a gasket groove 
that will not upon compression of the gasket be 
come distorted or distort the heat transfer plate 
or require stiiïening _ members. 

I claim as my invention: 
l; A heat exchange element for plate heat ex 

changers of the character described, consisting 
of a heat conducting plate formed with a mul 
tiplicity of relatively closely spaced but separated 
concavo-convex portions forming knoblike boss 
es on one face ofthe plate and cavities in the 
opposite face of the plate, _said bosses being stag 
gered both longitudinally and transversely of the 
plate and being arranged non-'symmetrically rel 
atively to a central line of the plate so that 
when the plate is reversed end for end in the 
plane of the plate beside a similar plate the 
bosses of one plate will be out of register with the 
cavities and bosses of the adjacent plate. 

2. A heat_exchanger for fluids comprising sep 
arate heat transfer plates separately secured in 
spaced face to face relation with interposed seal 
ing means to form separate sealed ñuid ̀ flow 
spaces at opposite sides of each plate, each said 
plate formed with a_ multiplicity of separated 
concavo-convex segmental globular portions 
forming alternating 'bosses and cavities-on both 
opposite faces of the plate, said bosses and cavi 
ties being arranged in staggered relation both 
longitudinally and transversely of the plate, and 
the bosses and cavities of adjacent plates be' 
_ing out of register. 

CHARLES B. DALZELL. 
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